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METHODS AND APPARATUS PROVIDING 
SUCTION-ASSISTED TISSUE ENGAGEMENT 

REFERENCE TO RELATED PENDING PATENT APPLICATIONS 

[01] Reference is hereby made to commonly assigned, co-pending U.S. Patent 
Application Serial No. 10/643,299 filed August 19, 2003, entitled METHOD AND 
SYSTEM FOR ORGAN POSITIONING AND STABILIZATION in the names of 
Philip J. Haarstad et al and U.S. Patent Application Serial No. 10/675,815 filed 
September 30, 2003, entitled METHODS AND APPARATUS PROVIDING 
SUCTION-ASSISTED TISSUE ENGAGEMENT THROUGH A MINIMALLY 
INVASIVE INCISION in the names of Philip J. Haarstad et al. 

FIELD OF THE INVENTION 

[02] This invention relates generally to suction-assisted tissue-engaging devices, 
systems and methods that can be employed to engage, i.e., position, manipulate, 
stabilize, and/or hold tissue, e.g., tissue of a body organ, during a medical 
procedure through a suction member or head applied to the tissue, particularly to 
apply suction to the heart to engage and position, manipulate, stabilize, and/or hold 
the beating heart during cardiac surgery. 

BACKGROUND OF THE INVENTION 

[03] Coronary artery disease remains the leading cause of morbidity and mortality in 
Western societies. Coronary artery disease is manifested in a number of ways. 
For example, disease of the coronary arteries can lead to insufficient blood flow to 
various areas of the heart. This can lead to the discomfort of angina and the risk of 
ischemia. In severe cases, acute blockage of coronary blood flow can result in 
irreversible damage to the myocardial tissue including myocardial infarction and the 
risk of death. 

[04] A number of approaches have been developed for treating coronary artery disease. 
In less severe cases, it is often sufficient to merely treat the symptoms, with 
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pharmaceuticals, or treat the underlying causes of the disease, with lifestyle 
modification. In more severe cases, the coronary blockage can be treated 
endovascularly or percutaneously using techniques such as balloon angioplasty, 
atherectomy, laser ablation, stents, and the like. 

[05] In cases where these approaches have failed or are likely to fail, it is often 
necessary to perform a coronary artery bypass graft (CABG) procedure. CABG 
surgery, also known as "heart bypass" surgery, generally entails the use of a graft 
or conduit to bypass the coronary obstruction and, thereby provide blood flow to the 
downstream ischemic heart tissues. The major objective of any CABG procedure is 
to perform a technically perfect anastomosis of the graft with the vessel. Creation 
of a technically perfect anastomosis is generally complex, tedious, time consuming 
and its success is highly dependent on a surgeon's skill level. 

[06] The CABG procedure is typically conducted on an arrested heart while the patient 
is on a cardiopulmonary bypass (CPB) circuit, also known as a "heart-lung 
machine" that provides continuous systemic blood circulation, while cardioplegia 
cardiac arrest enables meticulous anastomosis suturing in a bloodless, still-heart, 
operating field. In a CPB procedure performed as an adjunct to a CABG 
procedure, the patient's venous blood that normally returns to the right atrium is 
diverted to a CPB system or circuit that supplies oxygen to the blood and removes 
carbon dioxide from the blood and returns the blood, at sufficient pressure, into the 
patient's aorta for further distribution through the arterial system to the body. 
Creation of the CPB circuit typically entails arterial and venous cannulation, 
connecting the bloodstream to a heart-lung machine, cooling the body to about 32° 
Celsius, cross clamping of the aorta, and cardioplegic perfusion of the coronary 
arteries to arrest and cool the heart to about 4° Celsius. The arrest or stoppage of 
the heart is generally required because the constant pumping motion of the beating 
heart would make surgery upon the heart difficult in some locations and extremely 
difficult if not impossible in other locations. Generally, such a CPB system requires 
several separate components, including an oxygenator, several pumps, a reservoir, 
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a blood temperature control system, filters, and flow, pressure and temperature 
sensors. 

[07] A blood vessel or vessels for use in the graft procedure are harvested or mobilized 
from the patient. In the majority of patients, obstructed coronary arteries are 
bypassed using an in situ internal mammary artery (IMA) or a reversed segment of 
saphenous vein harvested from a leg although other graft vessels may also be 
used. For this reason, CABG surgery is typically performed through a median 
sternotomy, which provides access to the heart and to all major coronary branches. 
A median sternotomy incision begins just below the sternal notch and extends 
slightly below the xiphoid process. A sternal retractor is used to spread the left and 
right rib cage apart for optimal exposure of the heart. Hemostasis of the sternal 
edges is typically obtained using electrocautery with a ball-tip electrode and a thin 
layer of bone wax. The pericardial sac is opened thereby achieving direct access 
to the heart. One or more grafts are attached to the relevant portion of a coronary 
artery (or arteries) to bridge the obstruction while the heart is in cardiac arrest. 
Then, the patient is weaned from CPB, the heart is restarted, and cannulation is 
discontinued. The surgical incisions in the chest are then closed. 

[08] The CABG procedure is generally expensive, lengthy, traumatic and subject to 
patient risk. The arrest of the heart and the use of the CPB circuit add to the time 
and expense of the CABG procedure and present a number of risk factors to the 
patient. The initiation of global (hypothermic) cardiac arrest may result in global 
myocardial ischemia, and cross clamping the ascending aorta may contribute to the 
patient experiencing a post-operative stroke. In fact, recent studies have shown 
aortic clamping and manipulation may release atherosclerotic debris into the 
bloodstream, resulting in neurological injury. Exposure of blood to foreign surfaces 
results in the activation of virtually all the humoral and cellular components of the 
inflammatory response, as well as some of the slower reacting specific immune 
responses. A systemic inflammatory response can result due to the interactions of 
blood elements with the artificial material surfaces of the components of the CPB 
circuit. Other complications associated with cardiopulmonary bypass include loss 
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of red blood cells and platelets due to shear stress damage. In addition, 
cardiopulmonary bypass requires the use of an anticoagulant, such as heparin that 
increases the risk of hemorrhage. Cardiopulmonary bypass also sometimes 
necessitates giving additional blood to the patient that may expose the patient to 
blood-borne diseases, if it is from a source other than the patient. Therefore, a 
number of cardiac surgical procedures have been developed or proposed to enable 
off-pump, beating heart, CABG procedures either through a median sternotomy or 
employing minimally invasive procedures and even totally endoscopic procedures 
with access through ports extending through the chest wall into the thoracic cavity. 

[09] In one approach, pressure is applied against at least a portion of the heart to 
stabilize it and facilitate CABG or beating heart procedures as exemplified by the 
stabilization apparatus disclosed in U.S. Patent Nos. 5,875,782, 6,120,436, and 
6,331,158, for example. In one embodiment disclosed in the 436 patent, a Li- 
shaped platform is pressed against the heart surface exposed through a 
thoracotomy and maintained there by suturing the platform to the myocardium or by 
attaching the platform to the end of an adjustable arm. The adjustable arm is 
mounted to a sternal retractor frame maintaining the ribs spread apart, and the 
adjustable arm can be adjusted to direct pressure through the platform against the 
heart to stabilize it. In addition, mechanical systems for lifting the heart, particularly 
to enable access to the heart for performing valve surgery, have been proposed as 
exemplified in the apparatus disclosed in U.S. Patent No. 6,558,318. 

[10] In another approach, suction is applied to the epicardium of the heart to stabilize an 
area of the heart. Typically, an elongated shaft is coupled to a distal suction 
member, and a vacuum is drawn through a lumen of an elongated shaft or a 
vacuum line to apply suction to the epicardium to grasp and stabilize it. Suction- 
assisted tissue-engaging devices for cardiac surgery having circular or horseshoe- 
shaped suction members introduced through a sternotomy are disclosed in U.S. 
Patent Nos. 5,727,569, 5,782,746, 6,071,295, and 6,602,183 and in U.S. Patent 
Application Publication 2002/0045888, for example. In certain cases, flexible 
suction tubes or vacuum lines extend from each suction member to an operating 
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room vacuum source. The vacuum lines are bonded to elongated shafts of a 
forceps type device shown in certain forceps embodiments or the '569 patent. In 
other cases, a vacuum is drawn through one or more suction lumen within the rigid 
shaft of the suction application device coupled to the suction member. 

Early versions of the Medtronic® Octopus™ tissue stabilizer used to apply suction 
to and thereby stabilize a site of the beating heart are disclosed in commonly 
assigned U.S. Patent Nos. 6,464,630 and 6,394,948, for example. In certain 
embodiments, the tissue stabilizer employs a single elongated suction pod fixed at 
the distal end of an elongated shaft to extend substantially axially and distally to the 
elongated shaft distal end. It is necessary to employ two such elongated shafts 
and suction pods to place the suction pads on either side of the heart surface to be 
stabilized. In the schematically depicted embodiment of FIG. 33 of the '948 patent, 
the distal suction member comprises a horseshoe-shaped suction pod extending 
from the shaft distal end. In these embodiments, the shaft is malleable to shape it 
so as to apply the suction pod against the heart tissue at the site. A vacuum is 
drawn through a lumen of the shaft to apply suction at the suction ports of the 
suction pod. 

Various current models of the Medtronic® Octopus tissue stabilizer and/or 
Medtronic® Starfish™ heart positioner and accessories, both available from the 
assignee of the present invention, have improved articulating arms supporting distal 
suction members. The Medtronic® Octopus 3™ tissue stabilizer is approved for 
use in applying suction to a surface of the heart to stabilize the heart tissue at the 
site of engagement while the heart is beating to facilitate a surgical procedure, e.g., 
to perform an anastomosis in the course of a CABG procedure. The Medtronic® 
Starfish™ heart positioner is approved for use in applying suction to a surface of 
the heart, particularly near the apex of the heart, to move and reposition the heart 
to achieve better access to areas that would otherwise be difficult to access, such 
as the posterior or backside of the heart. For example, the surgeon can bring an 
anastomosis site into better view by supporting and rotating the heart using the 
Starfish™ heart positioner. The surgeon can also use the Octopus 3™ tissue 
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stabilizer in the same procedure to stabilize the anastomosis site. See, for 
example, commonly assigned U.S. Patent Nos. 5,836,311, 5,927,284, 6,015,378, 
6,464,629, and 6,471,644, and European Patent Publication No. EP 0 993 806 
describing aspects of the Octopus 3™ heart stabilization system, commonly 
assigned U.S. Patent Application Publication US 2002/0095067 disclosing aspects 
of the Starfish™ heart positioner, and commonly assigned U.S. Patent Application 
Publication US 2002/013809 disclosing use of both in the same surgical procedure. 

[13] The Octopus 3™ tissue stabilizer and the Starfish™ heart positioner are both 
provided with an elongated articulating arm that extends between a proximal clamp 
and a distal suction member. These suction-assisted, tissue-engaging devices are 
used in open chest sternotomy procedures that involve making a 20 to 25 cm 
incision in the chest of the patient, severing the sternum, cutting and peeling back 
various layers of tissue in order to give access to the heart and arterial sources, 
and fitting a sternal retractor frame extending across the incision to maintain the 
ribs spread apart. The clamps at the proximal ends of the articulating arms of the 
Medtronic® Octopus 3™ tissue stabilizer and Starfish™ heart positioner can be 
mounted to the Medtronic® OctoBase™ sternal retractor. 

[14] The elongated articulating arms of the Octopus 3™ tissue stabilizer and the 
Starfish™ heart positioner each comprise a plurality of articulating links strung over 
an internal cable that extends between the suction member and a proximal knob 
adjacent the proximal clamp. The proximal knob attached to the cable proximal 
end can be rotated in a cable tightening direction to stiffen and maintain a shape of 
the articulating support arm or in the opposite, cable loosening direction to relax the 
articulating support arm. Each articulating link has opposite ends, one of which is 
concave and the other of which is convex (e.g., hemispherical). The convex end of 
one articulating link fits into the concave end of the adjacent articulating link and 
allows the articulating links to articulate relative to one another if the central cable 
has not been tensioned to lock the articulating links together. The articulating links 
are encased within the lumen of a flexible sheath to prevent ingress of body fluids 
or tissue that might interfere with the articulation of the links. 
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[15] The distal link is coupled to a suction member that is separately coupled to a 
flexible tube or vacuum line that is adapted to extend to and be coupled to a 
vacuum source in the operating room for applying suction to the heart when suction 
ports of the suction member are applied against the heart. In use, the proximal 
knob is rotated in the cable loosening direction to release tension on the cable so 
that a curve or bend can be shaped along the length of the support arm by 
manipulating the articulating links to dispose the suction member against the 
epicardium. The proximal knob can then be rotated in the tightening direction to 
tension the cable, thereby drawing the articulating links together to lock them 
together in a locked condition that maintains the shape. 

[16] The suction member of the Octopus 3™ tissue stabilizer comprises a pair of 
elongated, malleable, stabilizer pods that are coupled to the distal link to extend in 
a U-shape, side by side and distally of the distal link. Vacuum lines are coupled to 
each stabilizer pod, and suction is applied through a plurality of ports of each 
stabilizer pod. The stabilizer pods are supported by a spreading mechanism 
extending from the distal link that is indirectly coupled to the tensioning cable. As 
described in the above-referenced *629 patent, the physician can manually shape 
the articulating arm to dispose the suction ports of the stabilizer pods against the 
epicardium, provide suction through the suction lines to grasp the epicardium, and 
then rotate the proximal knob to tension the cable. The tensioning of the cable 
concurrently causes the articulating arm to become rigid and the stabilizer pods to 
spread apart, thereby stabilizing the myocardium between the stabilizer pods while 
the heart continues to beat. 

[17] The Starfish™ heart positioning system employs a three appendage, silicone head 
mounted to the distal end of a malleable, articulating arm. The silicone head is 
shaped so that the flexible appendages or legs diverge apart and can engage the 
heart surface particularly adjacent to the apex of the heart to lift and position the 
heart when suction is applied. In use, the physician lifts the heart, shapes the 
articulating arm to apply the three appendages about the apex, provides suction 
through the suction line to grasp the epicardium, and then rotates the proximal 
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knob in the tensioning direction to tension the cable and make the articulating arm 
rigid. 

[18] Further suction-assisted tissue-engaging devices for use in cardiac surgery through 
a sternotomy employing articulating arms coupled to distal suction members that 
are in turn coupled to vacuum lines are disclosed U.S. Patent No. 6,210,323 and in 
PCT Publication WO 01/17437 A2. 

[19] Surgeons have found that the Octopus 3™ stabilization system and Starfish™ 
heart positioner provide significant benefits in the above-described operative 
procedures involving relatively large sternotomies or thoracotomies. However, the 
vacuum line or lines extending from the suction members coupled to the distal end 
of the articulating arm can at times be inconvenient and obstruct the view or access 
in the operative field typically defined by the sternal retractor frame. It would be 
desirable to be able to enjoy the advantages of such suction-assisted, tissue- 
manipulation systems employing articulating arms without having vacuum lines 
extending from the distal suction members. 

SUMMARY OF THE INVENTION 

[20] In accordance with the present invention, suction-assisted tissue-engaging devices, 
systems, and methods are provided that can be employed through a surgical 
incision to engage body tissue, e.g., tissue of an organ, during a medical procedure 
through application of suction to the tissue through a suction member of a suction- 
assisted tissue-engaging device applied to the body tissue, particularly to the 
epicardium of the heart to stabilize or position the heart 

[21] The suction-assisted tissue-engaging device of the present invention further 
comprises an elongated articulating arm extending between an articulating arm 
proximal end and an articulating arm distal end supporting a suction member 
having suction ports. An arm vacuum lumen extends through the articulating 
support arm from a proximal vacuum port to a suction member vacuum lumen 
extending to the suction ports. The arm proximal end preferably comprises a 
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mechanism that can be attached to and detached from a fixed reference point with 
respect to the body tissue to be grasped. The articulating arm can be manipulated 
in shape while in a flexible condition or state and maintains the shape in a rigid 
condition or state. 

[22] In preferred embodiments, the articulating arm is formed of a plurality of interlocking 
articulating links within an outer sheath lumen of a flexible outer sheath and an 
elongated tensioning cable extending through aligned articulating link bores. A 
distal articulating link and the tensioning cable distal end are coupled to a 
component or components of the suction member. The tensioning cable proximal 
end is coupled to a tensioning mechanism for selectively applying tension to the 
tensioning cable to draw the articulating links together and render the articulating 
arm rigid and releasing tension from the tensioning cable to separate the 
articulating links and render the articulating arm flexible. The arm vacuum lumen 
extends alongside the tensioning cable. 

[23] A vacuum port is provided into the arm vacuum lumen distal to. the tensioning 
mechanism and a vacuum seal is provided between the vacuum port and the 
tensioning mechanism. The vacuum seal seals against the tensioning cable as the 
tensioning mechanism is operated to change the flexible state to a sealed state 
intermediate the flexible state and the rigid state. Advantageously, the articulating 
arm can be manipulated in shape while in a flexible sealed state. 

[24] In one preferred embodiment, the distal suction member comprises a pair of distally 
extending stabilizer pods having suction ports adapted to be applied against body 
tissue. The stabilizer pods are mounted to be spread apart when the tensioning 
mechanism is operated to render the articulating arm rigid. 

[25] In use in relation to the exposed heart, the articulating arm is manipulated while in 
the flexible state to apply the suction ports of the distal stabilizer pods against the 
epicardium. Tension is applied to the tensioning cable through operation of the 
tensioning mechanism to seal the vacuum seal against the tensioning cable. 
Vacuum is then applied to the vacuum port, and suction is applied to the 
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epicardium through suction ports of the distal stabilizer pods via the vacuum 
lumens of the articulating arm and components of the suction member. Further 
tension applied to the tensioning cable causes the articulating arm to become rigid 
and the distal stabilizer pods to spread apart and immobilize the myocardium 
between the distal stabilizer pods. 

[26] In a further preferred embodiment, the distal suction member comprises a suction 
pad having three flexible appendages or legs having suction ports adapted to be 
applied against the epicardium at or near the apex of the heart. 

[27] In use in relation to the exposed heart, the articulating arm is manipulated while in 
the flexible state to apply the suction ports of the distal suction pad against the 
epicardium. Tension is applied to the tensioning cable through operation of the 
tensioning mechanism to seal the vacuum seal against the tensioning cable. 
Vacuum is then applied to the vacuum port, and suction is applied to the 
epicardium through suction ports of the flexible legs via the vacuum lumens of the 
flexible legs and components of the suction member and further tension is applied 
to the tensioning cable to render the articulating arm rigid. 

[28] This summary of the invention has been presented here simply to point out some of 
the ways that the invention overcomes difficulties presented in the prior art and to 
distinguish the invention from the prior art and is not intended to operate in any 
manner as a limitation on the interpretation of claims that are presented initially in 
the patent application and that are ultimately granted. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[29] These and other advantages and features of the present invention will be more 
readily understood from the following detailed description of the preferred 
embodiments thereof, when considered in conjunction with the drawings, in which 
like reference numerals indicate identical structures throughout the several views, 
and wherein: 
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[30] FIG. 1 is a perspective view of a first preferred embodiment of a suction-assisted, 
tissue-engaging device comprising an elongated articulating arm extending 
between a proximal knob and a distal suction member comprising a pair of distally 
extending stabilizer pods; 

[31] FIG. 2 is a cross-section view taken along lines 2 - 2 of FIG. 1 depicting a vacuum 
port into the articulating arm adapted to be coupled to a vacuum source and a distal 
seal for sealing the arm vacuum channel of the articulating arm; 

[32] FIG. 3 is a perspective view of a suction member sub-assembly (without the distal 
sealing sleeve) and a distal portion of the tensioning cable of FIG. 1 ; 

[33] FIG. 4 is a perspective exploded view of the components of the suction member of 
FIGs. 1 and 3 including two stabilizer pods, an insert mold assembly, a sling, a 
head link, a cable tab, a distal sealing sleeve, and a distal segment of the 
tensioning cable; 

[34] FIG. 5 is a perspective view of the U-shaped insert mold assembly of FIG. 4 
comprising a split ball spreading mechanism and a pair of malleable tubes that 
support the stabilizer pods and through which a vacuum is drawn to provide suction 
at the suction ports of the stabilizer pods; 

[35] FIG. 6 is a perspective view of the distal head link of FIG. 4 that bears against the 
split ball and entraps the cable tab of FIG. 4 and a cable ball coupled to the cable 
distal end; 

[36] FIG. 7 is a perspective view of the cable tab of FIG. 4 that fits within the distal head 
link of FIG. 6 and receives a cable ball coupled to the cable distal end; 

[37] FIG. 8 is an exploded perspective view of the cable tab of FIG. 7 with a cable ball 
attached to the cable distal end; 

[38] FIG. 9 is a side view of the suction member sub-assembly and distal segment of 
the tensioning cable of FIG. 3 illustrating the minimum angle of attack a range of 
motion of the stabilizer pods with respect to an epicardial surface; 
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[39] FIG. 10 is a side view of a second preferred embodiment of a suction-assisted, 
tissue-engaging device comprising an elongated articulating arm. extending 
between a proximal knob and a distal suction member comprising a suction pad 
having three flexible appendages or legs; 

[40] FIG. 11 is a side cross-section view taken along lines 11 - 11 of FIG. 10 depicting 
the distal suction member coupled to the articulating arm distal end entrapping the 
cable ball and the internal vacuum passageway from the articulating arm lumen to 
the plurality of suction ports; and 

[41] FIG. 12 is a plan view illustrating the first and second preferred embodiments of the 
suction-assisted, tissue-engaging device clamped to a sternal retractor and in use 
stabilizing and lifting a surgically exposed heart. 

DETAILED DESCRIPTION OF THE INVENTION 

[42] In the following detailed description, references are made to illustrative 
embodiments of methods and apparatus for carrying out the invention. It is 
understood that other embodiments can be utilized without departing from the 
scope of the invention. Preferred methods and apparatus are described for 
accessing the heart surface in the thoracic cavity and stabilizing or positioning the 
heart as an example of accessing an anatomic space or cavity containing body 
tissue to stabilize or position the tissue to perform a medical procedure. 

[43] The term "medical procedure" may mean any one or more medical or surgical 
procedures such as, for example cardiac surgery, performed with or without CPB, 
heart valve repair, heart valve replacement, MAZE procedures, transmyocardial 
revascularization (TMR), CABG procedures, anastomosis procedures, non-surgical 
procedures, endoscopic procedures, non-invasive procedures, invasive 
procedures, port-access procedures, fluoroscopic procedures, beating heart 
surgery, vascular surgery, neurosurgery, electrophysiology procedures, diagnostic 
and therapeutic procedures, ablation procedures, ablation of arrhythmias, 
endovascular procedures, treatment of one or more organs and/or vessels, 
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treatment of the heart, aneurysm repair, aortic aneurysm repairs, imaging 
procedures of the heart and great vessels, CAT scan procedures, MRI procedures, 
cardiograms, pharmacological therapies, drug delivery procedures, delivery of 
biological agents, gene therapies, cellular therapies, cancer therapies, radiation 
therapies, genetic, cellular, tissue and/or organ manipulation or transplantation 
procedures, coronary angioplasty procedures, placement or delivery of coated or 
uncoated stents, LVAD procedures, lead placement procedures, placement of 
cardiac reinforcement devices, placement of cardiac assistance devices, 
atherectomy procedures, atherosclerotic plaque manipulation and/or removal 
procedures, emergency procedures, cosmetic procedures, reconstructive surgical 
procedures, biopsy procedures, autopsy procedures, surgical training procedures, 
birthing procedures, congenital repair procedures, and medical procedures that 
require positioning one or more organs and/or tissues. 

[44] One preferred embodiment of the suction-assisted tissue-engaging device 10 of the 
present invention is depicted in FIGs. 1 - 9 and 12 and comprises an elongated 
articulating arm 12 extending between a proximal clamp 20 and tensioning knob 16 
and a distal suction member 30. The articulating arm 12 comprises an outer sheath 
1 8 that extends from an outer sheath 40 of the distal suction member 30 to a clamp 
fitting 14 of the clamp 20. In accordance with the present invention, a vacuum is 
drawn from suction ports 37 and 39 of distally extending stabilizer pods 32 and 34 
through the articulating arm 12 by a vacuum source coupled to a vacuum port 124. 

[45] The suction-assisted, tissue-engaging devices of the present invention are used in 
open chest sternotomy procedures that involve making a 20 to 25 cm incision in the 
chest of the patient, severing the sternum, cutting and peeling back various layers 
of tissue in order to give access to the heart and cardiac vessels, and fitting the 
frame of a sternal retractor 150 extending across the incision. The exemplary 
clamp 20 at the proximal end of the articulating arm 12 depicted in FIG. 1 can be 
mounted to a sternal retractor 150, e.g., the Medtronic® OctoBase™ sternal 
retractor, as shown in FIG. 12, to maintain the ribs spread apart. The components 
and operation of the clamp 20 may correspond to those described in the above- 
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referenced, commonly assigned '769 patent, particularly with reference to FIG. 3 
thereof. 

[46] As shown in FIGS. 1 and 2, a plurality of articulating links 120 are strung over a 
flexible tensioning cable 24 that extends between a distal cable ball 26 (shown in 
FIG. 4) and a proximal connection with the tensioning knob 16. The articulating 
links 120 each having a link proximal end and a link distal end and a link bore 122 
extending between the link proximal and distal ends, the link proxjmal and distal 
ends of adjacent articulating links shaped to provide end-to-end articulation with the 
link bores aligned. Each articulating link 120 has opposite concave and convex 
(e.g., hemispherical) link ends and a central link bore 122 that the cable 24 extends 
through. The convex end of one articulating link 120 fits into the concave end of 
the adjacent articulating link 120 with the tensioning cable 24 extending through the 
central link bore 122. The mating concave and convex link ends allow the 
articulating links 120 to articulate relative to one another in a "ball and socket" 
fashion as long as the tensioning cable 24 is not tensioned to lock the articulating 
links 120 together as described in detail in the above-referenced, commonly 
assigned '629 patent, particularly in reference to FIGs. 1A - 1F thereof. The central 
link bore 122 of each articulating link 120 is conical and somewhat larger in 
diameter at its minimum diameter than the diameter of the tensioning cable 24. 
The articulating links 120 and tensioning cable 24 are encased within the lumen of 
the flexible outer sheath 18 to prevent ingress of body fluids or tissue that might 
interfere with the articulation of the links 120. In accordance with the present 
invention, a vacuum is also drawn through an arm vacuum lumen within the flexible 
outer sheath lumen between the tensioning cable 24 and the bores 122 of the 
articulating links 120. 

[47] The proximal tensioning knob 16 is rotated in the cable loosening direction to 
release tension on the tensioning cable 24 so that a curve or bend can be shaped 
along the length of the articulating arm 12 by manipulating the articulating links 120 
within the outer sheath 18 to dispose the suction ports 37 and 39 of stabilizer pods 
32 and 34 against the epicardium as shown in FIG. 12. The proximal tensioning 
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knob 16 can then be rotated in the tightening direction to tension the cable 24, 
thereby drawing the articulating links 120 together to lock them into a shaped 
position. The proximal tensioning knob 16 can be further rotated in the tightening 
direction to pull the distal cable ball 26 proximally causing the stabilizer pods 32 
and 34 to spread apart as shown in FIGs. 1 and 3. The particular details of the 
proximal tensioning knob 16 and its connection to the cable proximal end are 
described in the above-referenced, commonly assigned T69 patent, particularly 
with reference to FIG. 3 thereof. 

[48] In accordance with one aspect of the present invention, the vacuum port 124 is 
formed as a part of a modified non-articulating link or articulating link distal to the 
proximal tensioning knob 16. As described further below, the selected articulating 
or non-articulating link does need to be able to move axially over the tensioning 
cable 24 upon rotation of the tensioning knob, but need not provide any appreciable 
articulation with adjacent proximal an distal links. A suitable non-articulating link 
could be disposed in the clamp fitting 14, but it is convenient to form the vacuum 
port 124 through an articulating link distal to the clamp fitting 14. Moreover, the 
modified non-articulating link or articulating link distal to the proximal tensioning 
knob 16 functions with a resilient seal having a seal bore and fitted into a seal seat 
of an articulating link or non-articulating link proximal to the modified non- 
articulating link or articulating link with the tensioning cable 24 extending through 
the seal bore. 

[49] Thus, in the exemplary embodiment shown in FIG. 2, the vacuum port 124 is 
depicted as part of an articulating link 120 n disposed intermediate a proximal (i.e., 
closer to tensioning knob 16) fixed or articulating link 120 n -i and a distal (i.e., closer 
to suction member 30) articulating link 120 n+ i. The vacuum port 124 depicted in 
detail in FIG. 2 comprises a vacuum port fitting 126 extending from the outer 
surface of articulating link 120„ through the outer sheath 18 and a link vacuum 
lumen 128 extending from a lumen end opening at the vacuum port fitting 126 
through the vacuum port 124 and the side of the proximal articulating link 120„ into 
the central link bore 122 n . The vacuum port 124 and vacuum port fitting 126 can 
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include a stopcock and can take any convenient form that facilitates coupling with a 
flexible hose or vacuum line. 

A resilient conical seal 1 30, preferably formed of resilient silicone rubber, having a 
seal bore 132 that the tensioning cable 24 extends through is fitted into the link 
central bore 1 22 n -i of the articulating link 120„-i as shown in FIG. 2. Thus, the link 
central bore 122 n -i comprises a seal seat. The conical seal 130 is relaxed and 
expands within link central bore 122 n -i when the proximal tensioning knob 16 is 
rotated in the loosening direction so that the articulating links 120 along the length 
of the articulating arm 12 separate apart and can be manipulated into a suitable 
shape and the pods 32 and 34 of the suction member 30 can be applied against 
the epicardium. In this regard, the resilient seal 130 and resilient seal bore 132 are 
dimensioned with respect to the seal seat provided by link central bore 122 n -i and 
the tensioning cable 24 to compress the resilient seal 1 30 against the link central 
bore 122 n -i and the tensioning cable 24 as the tensioning cable 24 is drawn 
proximally to a sealed state intermediate the flexible state and the rigid state. 

Thus, the conical seal 130 is progressively compressed between the link central 
bore 122 n of the articulating link 120 n and the mating convex end of the articulating 
link 120 n -i and against the tensioning cable 24 as the proximal tensioning knob 16 
is rotated in the tightening direction. The initial stages of compression of the 
conical seal 130 between the link central bore 122 n of the articulating link 120 n 
decreases the vacuum leak from the arm vacuum lumen proximally sufficiently so 
that the vacuum may be applied through the vacuum port 124 before the 
articulating arm 12 is rendered fully rigid. The compressed conical seal 130 
therefore prevents any loss of vacuum drawn through the vacuum port 124 
proximally through the link central bores 122 n , 1 22 n -i , etc. The flexible outer sheath 
18 prevents any loss of vacuum along the length of the articulating arm 12 distally 
from the vacuum port 124 that is drawn between the convex and concave mating 
ends of the articulating links 120. The articulating arm 12 in the sealed state can 
be further manipulated into a final operative state. 
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[52] In use, a flexible hose or vacuum line 140 that extends to and is coupled to a 
vacuum source in the operating room that preferably provides a negative pressure 
of about 400 mm Hg is attached to the vacuum port fitting 126 as shown in FIG. 12. 
A stopcock (not shown) can be provided in the vacuum line 140 to provide or 
interrupt suction as necessary during the procedure. As described in the above- 
referenced '629 patent, the physician can manually shape the articulating arm 12 to 
dispose the suction ports 37 and 39 of the stabilizer pods 32 and 34 against the 
epicardium. The tensioning cable 24 is tightened sufficiently to compress the 
conical seal 130 about the tensioning cable 24 and into the seal seat. A vacuum is 
drawn through vacuum port lumen 128, the aligned central bores 122 of the 
articulating links 120 distal to the compressed conical seal 130 covered by the 
flexible outer sheath 18, and the vacuum channels of the distal suction member 30 
for applying suction through the pod suction ports 37 and 39 to the epicardium. 
The physician can further manipulate the articulating arm 12 to a final operative 
shape. The physician then rotates the tensioning knob 16 further in the tightening 
direction to cause the stabilizer pods 32 and 34 to spread apart and to concurrently 
cause the articulating arm 12 to become rigid, thereby stabilizing the myocardium 
between the stabilizer pods 32 and 34 while the heart continues to beat. 

[53] The components of the distal suction member 30 depicted in FIGs. 3 - 9 comprise 
the cable ball 26 coupled to the distal end of the tensioning cable 24 (FIG. 8), the 
two stabilizer pods 32 and 34, and an outer sealing sleeve 40 (FIG. 4) overlying a 
spreading mechanism 52 of an insert mold assembly 50, a sling 80, a head link 90, 
and a cable tab 1 10 that are assembled together. 

[54] The elongated stabilizer pods 32 and 34 are formed of a malleable plastic material, 
e.g., a flexible PVC having pod lumens 36 and 38 communicating with internal 
vacuum channels that extend to a plurality of suction ports 37 and 39, e.g., four 
suction ports of each of the stabilizer pods 32 and 34, respectively. The suction 
ports 37 and 39 through the lower surfaces of the stabilizer pods 32 and 34, 
respectively, are preferably arranged in linear arrays that are somewhat offset from 
the axes of the lumens 36 and 38 following the teachings of the above-referenced 
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commonly assigned '629 patent, particularly in reference to FIG. 1-F thereof. The 
proximal end openings of the pod lumens 36 and 38 are shaped to mate with 
keying elements of the insert mold assembly 50 as described below. 

The outer sealing sleeve 40 is tubular having a sleeve lumen 42 extending from an 
open proximal end thereof to a closed, hemispheric, distal sleeve end 44. Sealing 
rings 46 and 48 are formed around laterally opposed openings through the sleeve 
sidewall proximal to the distal sleeve end 44. The sealing rings 46 and 48 comprise 
thickened opening edges or borders that are received in circumferential grooves 56 
and 58, respectively, in the spreading mechanism 52 of the insert mold assembly 
50 as described further below. The sleeve lumen diameter and the sealing ring 
diameters are selected so that the sleeve 40 snugly fits over the assembly of the 
sling 80 fitted over the spreading mechanism 52 of the insert mold assembly 50, the 
head link 90, and the cable tab 1 10 and a distal segment of the outer sleeve 18 that 
it is adhered to. The outer sealing sleeve 40 can thereafter accommodate 
movement of the components during rotation of the tensioning knob 16 in the 
tightening and loosening directions without losing its seal. The outer sealing sleeve 
40 is preferably transparent so that the components and a trademark logo are 
visible through the sleeve. 

The U-shaped, insert mold assembly 50 shown in detail in FIG. 5 comprises a split 
ball spreading mechanism 52 molded of a relatively stiff plastic and a pair of 
malleable suction tubes 72 and 74. The split ball spreading mechanism 52 is insert 
molded in a mold forming the laterally extending arms 62 and 64 around 
intermediate segments of the generally L-shaped malleable suction tubes 72 and 
74, respectively. The distal ends of the laterally extending arms 62 and 64 are 
keyed to mate with the shaped proximal end openings of the pod lumens 36 and 
38. 

The malleable suction tubes 72 and 74 can be formed of stainless steel hypotube, 
for example, having an outer diameter that is slightly smaller than the diameters of 
the pod lumens 36 and 38. The distal tube ends of the malleable suction tubes 72 
and 74 are closed, but a plurality of vacuum holes (blocked from view in FIG. 5) 
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through the tube sidewalls are spaced along the exposed distal segments of the 
malleable suction tubes 72 and 74. During assembly, the distal segments of the 
malleable suction tubes 72 and 74 are fitted into the pod lumens 36 and 38 
respectively so that each vacuum hole through the sidewalls of the malleable 
suction tubes 72 and 74 is aligned with an internal vacuum channel of the stabilizer 
pods 32 and 34 that extends to one of the plurality of suction ports 37 and 39. 
Cement is applied between the mating surfaces to mechanically attach and prevent 
a vacuum leak at the junction, and the stabilizer pods 32 and 34 therefore cannot 
loosen and slip around the malleable suction tubes 72 and 74, respectively. 

[58] The laterally extending arms 62 and 64 of the split ball spreading mechanism 52 
extend outward through substantially 90° elbows. The split ball spreading 
mechanism 52 is generally spherical or ball-shaped in the exposed outer surface 
between the laterally extending arms 62 and 64 thereby exhibiting a distal spherical 
surface 60. Sealing grooves 56 and 58 are formed around the laterally extending 
arms 62 and 64 that are dimensioned to receive and interference fit with the sealing 
rings 46 and 48, respectively, of the distal outer sleeve 40. 

[59] A proximal split or gap 54 is also molded extending distally toward the generally 
spherical proximal surface 60 to define proximal articulating surfaces 66 and 68 on 
either side of the proximal split 54 and to expose short proximal segments of the 
malleable suction tubes 72 and 74. The short proximal segments of the malleable 
suction tubes 72 and 74 extend into the proximal split 54 a slight distance. 

[60] The laterally extending arms 62 and 64 are molded around the intermediate 
segments of the malleable suction tubes 72 and 74, respectively, such that the 
laterally extending arms 62 and 64 are deflected downward slightly from the 
respective sealing grooves 56 and 58 as shown in FIG. 9. The downward, i.e., 
toward the epicardium 160, deflection of the laterally extending arms 62 and 64 
disposes the axes of the respective malleable tubes 72 and 74 supporting the 
respective stabilizer pods 32 and 34 below, i.e., closer to the epicardium 160, than 
the axis of the suction member sub-assembly 30'. A maximum 155° field of view 
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distal to the suction member sub-assembly 30' outer sealing sleeve 40 (not shown 
in FIG. 9 for convenience of illustration) is attained. 

[61] As described further below, the drawing of the tensioning cable 24 proximally 
applies compressive force between the distal spherical surface 60 and the proximal 
articulating surfaces 66 and 68 causing them to bend inward toward one another, 
diminishing the width of the split 54. The sling 80, head link 90, and cable tab 110 
that are assembled together as depicted in FIG. 4 cooperate with the distal cable 
ball 26 and cable 24 to apply the compressive force when the tensioning cable 24 
is drawn proximally by rotation of the proximal tensioning knob 16 in the tightening 
direction. The inward bending induces an outward spreading of the stabilizer pods 
32 and 34 as indicated in FIGs. 1 and 3 in a manner similar to that described in the 
above-referenced, commonly assigned 629 patent, particularly in reference to 
FIGs. 10-21 thereof. 

[62] The sling 80 shown in FIG. 4 is formed of a relatively rigid plastic material and is 
shaped like a clip having somewhat arcuate lower and upper sling arms 82 and 84 
joined at a generally spherical sling distal end 88. When assembled, the distal 
spherical surface 60 is nested against the inner surface of the sling distal end 88, 
like a ball in a sling. Tab openings 86 and 87 are formed through the lower and 
upper sling arms 82 and 84, respectively. A logo or other identifying indicia can be 
molded into the lower and upper sling arms 82 and 84 to be seen through the distal 
sleeve 40 following assembly as shown in FIG. 3. 

[63] The head link 90 shown in detail in FIG. 6 is also formed of a relatively rigid plastic 
material and is generally tubular and extends between head link proximal end 92 
and head link distal end 94. The proximal surface of the head link proximal end 92 
is concave and mates with the distal convex end of the most distal link 120. A link 
cavity 100 is formed in the head link 90 intermediate the head link proximal and 
distal ends 92 and 94 that is shaped to receive the cable tab 1 10 with the cable ball 
26 nested into the cable tab 110. The cylindrical outer surface of the head link 90 
is also formed to provide opposed shaped sides 102 and 104 extending alongside 
and distal to the link cavity 100 to receive the lower and upper sling arms 82 and 
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84, respectively. The shaping provides that the assembly of the lower and upper 
sling arms 82 and 84 against the opposed sides 102 and 104 is substantially 
cylindrical, while the cable tab 110 and cable ball 26 are entrapped within the link 
cavity 100. 

An oversize head link cable lumen 101 extends through the head link proximal end 
92, whereby a vacuum can be drawn into the link cavity 100 through the clearance 
between the tensioning cable 24 and the head link cable lumen 101. A set of 
vacuum lumens 103, 105, 107, 109 through the head link distal end 94 extend into 
the link cavity 100. The opposed shaped sides 102 and 104 are shaped to provide 
vacuum channels between the lower and upper sling arms 82 and 84 and the 
opposed sides 102 and 104, respectively. The head link distal end 94 is shaped to 
provide a concave link force applying surface 96 that conforms in shape to the 
proximal articulating surfaces 66 and 68. A head link distal vacuum lumen 98 is 
also formed between the surface 96 and the head link cavity 100. 

The metal cable tab 110 shown in detail in FIGs. 7 and 8 is generally rectangular 
and extends between cable tab proximal end 112 and cable tab distal end 114. 
Opposed tabs 1 16 and 118 extend outward of the cylindrical sidewalls of the cable 
tab 110. The flattened sides of the cable tab 110 are sized to fit within the distal 
link recess 100 so that the opposed tabs 116 and 118 project outward and can be 
engaged in the tab openings 86 and 88, respectively, of the lower and upper sling 
arms 82 and 84, respectively. 

A concave recess is formed in the cable tab distal end 114 that is shaped and 
dimensioned to receive the cable ball 26 as shown in FIG. 8. An oversize cable 
lumen 1 1 1 extends from the convex recess through the cable tab proximal end 112 
that the tensioning cable 24 extends through. Four corner vacuum channels or 
grooves 113, 115, 117 and 119 are formed extending from the cable tab proximal 
end 112 to the cable tab distal end 114 that are axially aligned with the vacuum 
lumens 103, 105, 107, 109 through the head link distal end 94 when the cable tab 
1 10 is fitted into the link cavity 100. 
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In assembly, the distal end of the tensioning cable 24 (not yet attached to the distal 
cable ball 26) is advanced through the head link cable lumen 101, out of the head 
link cavity 100 and through the cable tab lumen 111. The distal end of the 
tensioning cable 24 is attached to the cable ball 26, and the cable ball 26 and cable 
tab 110 are fitted into the head link cavity 100 with the tabs 116 and 118 projection 
outward. The concave head link distal end 94 is applied against the proximal 
articulating surfaces 66 and 68. The sling 80 is fitted over the split ball spreading 
mechanism 52 of the U-shaped, insert mold assembly 50 and moved proximally 
over the surfaces 102 and 104 of the head link cavity until the tabs 116 and 118 slip 
into the tab openings 86 and 88, respectively. The stabilizer pods 32 and 34 are 
fitted over the malleable tubes 72 and 74, respectively, and adhered to arms 62 
and 64, respectively. The suction member sub-assembly 30' depicted in FIG. 2 is 
thereby assembled. 

The outer sealing sleeve 40 is preferably formed of a transparent flexible plastic 
material, e.g., silicone rubber, which can be stretched up to 800%, for example, to 
fit over the other assembled components. The stretching enables the stabilizer 
pods 32 and 34 and the respective laterally extending arms 62 and 64 to be fitted 
through the openings surrounded by the sealing rings 46 and 48, respectively, to fit 
the sealing rings 46 and 48 into the circumferential grooves 56 and 58, 
respectively, and enables the outer sealing sleeve 40 to resume the shape depicted 
in FIG. 1. It would also be possible to insert the malleable tubes 72 and 74 and the 
respective laterally extending arms 62 and 64 to be fitted through the openings 
surrounded by the sealing rings 46 and 48, respectively, and to fit the sealing rings 
46 and 48 into the circumferential grooves 56 and 58, respectively, before the 
stabilizer pods 32 and 34 are fitted over the respective malleable tubes 72 and 74. 
In either approach, a proximal segment of the outer sealing sleeve is adhered to 
the articulating arm outer sleeve 18. 

In use, a vacuum can be drawn into the link cavity 100 from the vacuum source 
coupled to the vacuum port 124 through the clearance between the tensioning 
cable 24 and the head link cable lumen 101 defining the arm vacuum lumen and 
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the vacuum channels or grooves 113, 115, 117 and 119 axially aligned with the 
respective vacuum lumens 103, 105, 107, 109. The vacuum is further drawn 
through the lumens of the malleable tubes 72 and 74, the split 54, and the head link 
distal lumen 98, whereby suction is applied to tissue contacting the suction ports 37 
and 39. 

A second embodiment of a suction-assisted tissue-engaging device 200 embodying 
features of the present invention is illustrated in FIGs. 10-12 wherein a suction 
member 230 is configured to engage body tissue and function in this embodiment 
as an organ positioner, particularly a heart positioner. The suction-assisted tissue- 
engaging device 200 comprises an elongated articulating arm 212 extending 
between a proximal clamp 210 and tensioning knob 216 and a distal suction 
member 230. The articulating arm 212 comprises an outer sheath 218 that extends 
from an outer sheath 250 of the distal suction member 230 to a clamp fitting 214 of 
the clamp 210. The exemplary clamp 210 at the proximal end of the articulating 
arm 212 depicted in FIG. 10 can be mounted to a sternal retractor 150, e.g., the 
Medtronic® OctoBase™ sternal retractor, as shown in FIG. 12. The components 
and operation of the clamp 210 may correspond to those described in the above- 
referenced, commonly assigned "769 patent, particularly with reference to FIG. 3 
thereof. 

The elongated articulating arm 212 comprises a plurality of articulating links 220 
that are strung over a flexible tensioning cable 224 that extends between a distal 
cable ball 226 shown in FIG. 1 1 and a proximal connection with the tensioning knob 
216. The articulating links 220, tensioning cable 224 and proximal tensioning knob 
216 are configured and function in substantially the same way as the articulating 
links 120 tensioning cable 24 and proximal tensioning knob 16 as described above. 
The articulating links 220 and tensioning cable 224 are encased within the lumen of 
the flexible outer sheath 218 to prevent ingress of body fluids or tissue that might 
interfere with the articulation of the links 220. In accordance with the present 
invention, a vacuum is also drawn from vacuum port 234 through an arm vacuum 
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lumen through the flexible outer sheath lumen between the cable 224 and the 
aligned link bores 222. 

The suction head 230 comprises a suction pad 240, a head link 260, a cable tab 
270, and a support ring 280, all covered at least in part by a flexible boot 250 
having a proximal segment thereof that is adhered to a distal segment of the outer 
sheath 218. Generally speaking, the suction head 230 can be manually adjusted 
from the generally 90° relationship to the articulating arm axis depicted in FIGs. 11 
and 12 independently of the manual manipulation of the articulating arm 212 into a 
preferred configuration and the rotation of the proximal tensioning knob 216 in the 
tightening or loosening direction. The proximal tensioning knob 216 is rotated in 
the tightening direction to both make the articulating arm rigid and to compress a 
distal seal in order to seal the arm vacuum lumen from leakage proximal to the 
vacuum port 234. 

In this regard, the vacuum port 234 is formed as an integral part of an articulating 
link 220 corresponding to articulating link 120 n as described above or the clamp 
fitting 214. In either case, a resilient seal is fitted between the articulating link 220 
and a more proximal articulating link or a non-articulating link or the clamp fitting 
214. The resilient seal can comprise the conical seal 130 of FIG. 2 fitted into a 
conical link bore opening 222 or a resilient silicone rubber washer fitted into a seat 
or the like around the tensioning cable 226. In any case, the resilient seal is 
compressed into its seat or link bore 222 and against the tensioning cable 224 as 
the proximal tensioning knob 216 is rotated in the tightening direction to prevent 
any loss of vacuum drawn through the vacuum port 224 proximally to the vacuum 
port 224. The locked together, convex and concave, mating ends of the articulating 
links 220 and the flexible outer sheath 218 prevent any loss of vacuum along the 
length of the arm vacuum lumen within the articulating arm 212. In use, as shown 
in FIG. 12, a vacuum is drawn through suction ports 248 and the lumen of the 
articulating arm 212 by a vacuum source coupled to vacuum port fitting 236 of 
vacuum port 234 by a vacuum hose or line 142. 


P-11111.00 


PATENT 


-25- 

The suction pad 240 can take any of the shapes of and incorporate any of the 
features of the suction pads employed in the above-referenced Starfish™ heart 
positioner and/or as disclosed in the above-referenced, commonly assigned, 
Publication No. 2002/0095067 having a plurality of legs, e.g., two to four legs. The 
illustrated suction pad 240 has three legs 242, 244, 246 that diverge outward in a 
generally starfish-shaped configuration and downward from a bellows-shaped, 
tubular pad shaft 241 that is received within the ring shaped support ring 280. A 
suction pad lumen 245 extends through the pad shaft 241 and diverges into suction 
channels within the three legs 242, 244, 246. 

The legs 242, 244, 246 preferably are generally arcuate, curving downwardly away 
the head shaft segment 252 to the free ends of the legs 242, 244, 246. Suction 
ports 248 extend from suction channels within the suction pad 240 through the 
inner wall of the legs 242, 244, 246. Preferably, the suction pad 240 and the legs 
242, 244, 246 are formed integrally of substantially transparent or translucent 
medical grade silicone or thermoplastic elastomeric material (e.g., polyurethane). 
The material selected most preferably has a low durometer so that the suction pad 
240 and the legs 242, 244, 246 tend to conform to the surface of the heart and to 
flex to help seal against the heart to maintain the vacuum in the internal vacuum 
channels. The suction pad 240 is preferably sufficiently flexible such that the 
suction pad 240 draws down toward the surface of the heart more than the surface 
of the heart is pulled into the suction ports 248. 

A cable tab 270 is shaped similarly to the cable tab 110 having concave proximal 
end 276 that mates with a convex distal end of the most distal articulating link 220 
and a concave, hemispheric distal end that mates with and receives the cable ball 
226. The cable 224 extends through an enlarged diameter lumen 274 of the cable 
tab 270, and vacuum channels 272 are formed extending into the concave, 
hemispheric distal end that receives the cable ball 226. In this way, a head vacuum 
channel extends from the link bore 222 of the most distal articulating link 220 
through the cable tab lumen 274 and the vacuum channels 272 to the head link 
bore 266 of head link 260. 
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The head link 260 extends between a concave head link proximal end and a 
convex head link distal end 262 and encloses a head link bore 266. A convex 
proximal end of the cable tab 270 fits into the concave proximal end of the head link 
260, and the convex cable tab distal end 262 fits against the support ring 280. A 
vacuum port 264 extends through the head link 260 connecting the outer sheath 
lumen 252 with the head link bore 266. The outer sheath lumen 252 is open to the 
suction pad lumen 245 that extends through leg suction channels to the suction 
ports 248 of the legs 242, 244, 246. In this way, the head vacuum channel extends 
further from the head link bore 266 to the suction ports 248. 

In use as shown in FIG. 12, the clamp 210 is attached to the sternal retractor 150, 
and the proximal tensioning knob 216 is rotated in the loosening direction to allow 
the articulating arm 212 to be manipulated. A vacuum line 142 extending to an 
operating room vacuum source that preferably provides a negative pressure of 
about 400 mm Hg is attached to the vacuum port fitting 226. A stopcock (not 
shown) can be provided in the vacuum line 142 to provide or interrupt suction as 
necessary during the procedure. Initially, the stopcock would be closed. 

As described in the above-referenced, commonly assigned, Publication No. 
2002/0095067, the physician can manually shape the articulating arm 212 and lift 
and move the heart to apply the suction pad 240 and legs 242, 244, 246 against 
the heart at a site that allows the heart to be engaged by the applied suction and 
held in a desired non-physiologic position. The shape of the legs 242, 244, 446 
allow the suction pad 240 to be oriented to avoid placement over particular features 
of the heart anatomy, such as the cardiac arteries, or to avoid conflict with other 
devices employed in the medical procedure. When accessing various walls of the 
heart, the suction pad 240 can be preferably applied in one of two positions 
depending on the anatomy of the patient and the walls of the heart to be accessed. 
The first position is directly on the apex of the heart, which can be used for 
positioning for access to the lateral wall, posterior wall, or anterior wall of the heart. 
The second position is an off-apex position immediately adjacent to the apex. In 
particular, the suction pad 240 can be attached to the left ventricle immediately 
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lateral to the apex of the heart. This particular off-apex position is especially useful 
for accessing the lateral wall in "apex under right hemisternum" position since even 
modest rightward movement of the apex greatly enhances exposure of proximal 
obtuse marginals. Thus, the suction pad 240 can be effectively applied to the heart 
not only on the apex but also to near-apex surfaces of the heart when that 
positioning would be desirable. The references herein to "near-apex", "near the 
apex of the heart" or the like includes application of the suction pad. 240 onto the 
apex or onto other surfaces of the heart immediately adjacent to the apex. 

[80] Once the suction pad 240 and the heart are positioned, the proximal tensioning 
knob 216 is rotated in the tightening direction to seal the articulating arm vacuum 
lumen from leakage. The stopcock is opened to apply suction through the vacuum 
port 224, the articulating arm vacuum lumen, and the head lumen to cause the legs 
242, 244, 246 to grasp the surface of the heart. The proximal tensioning knob 216 
is rotated further in the tightening direction to make the articulating arm rigid. 

[81] All patents and publications referenced herein are hereby incorporated by 
reference in their entireties. 

[82] It will be understood that certain of the above-described structures, functions and 
operations of the above-described preferred embodiments are not necessary to 
practice the present invention and are included in the description simply for 
completeness of an exemplary embodiment or embodiments. In addition, it will be 
understood that specifically described structures, functions and operations set forth 
in the above-referenced patents can be practiced in conjunction with the present 
invention, but they are not essential to its practice. 

[83] It is therefore to be understood, that within the scope of the appended claims, the 
invention may be practiced otherwise than as specifically described without actually 
departing from the spirit and scope of the present invention. 


